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(54) [Title of the Invention] 



Production of a laminated glass 
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(57) [Abstract] 

[Constitution] Lamination is done for only the edges of a joining material and heat-reflecting film to be 

inserted between glass sheets so as to produce a three-layered film structure, the above-mentioned 
laminate is then inserted between glass sheets, and thermal bonding is performed and so that insertion of 
the heat-reflecting film with the joining material can be done continuously; then, the part of the three- 
layer film that extends beyond the edges of the above-mentioned glass sheets are fastened with a 
clamping means that prevents thermal deformation of the film, vacuum de-aeration is performed and 
thermal bonding is performed so as to produce a laminated glass. 

[Effect] Production of a laminated glass having a higher transparency and higher wear resistance than 
laminated glass of the prior art and with an absence of wrinkles and air bubbles and glare is made 
possible. 




[Claims of the invention] 
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[Claim 1] In the production of a laminated glass where heat-reflecting film(s) is/are inserted 

between/among multiple numbers of glass sheets, a method of producing a laminated glass consisting of 
(1) a process wherein a heat-reflecting film is placed between two sheets of joining material and 
lamination is performed for the edges alone, (2) a process wherein the three-layer film laminate 
produced in the above process is inserted between glass sheets, and (3) a process wherein bonding is 
performed for the glass and the three-layered film by means of a thermal bonding process. 
[Claim 2] In the method of production of Claim 1, the production of a laminated glass 
characterized by the fact that the portion of the three-layer film that extends beyond the edges of the 
above-mentioned glass sheets is fastened with a clamping means that prevents thermal deformation of 
the film, the above-mentioned glass sheets are inserted into a temporary compression bag along with the 
clamping means, heat is applied as vacuum de-aeration is performed, the above-mentioned temporarily 
bonded laminated glass is placed in a hot pressure furnace. 

[Claim 3] The method of producing a laminated glass characterized by the fact that the clamping 
means described in Claim 2 is a clamping frame and/or clamping jig. 
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[Detailed description of the invention] 

[000 i] 

[Field of industrial application] 

The present invention pertains to a method of producing a laminated glass, and the invention further 
pertains to a method of producing a heat-reflecting and heat-absorbing laminated glass with high 
transparency and wear resistance. 

[0002] The laminated glass of concern in the present invention can be used as a window glass for ( 

vehicles such as automobiles and railroad cars as well as a window glass for buildings and home 

appliances. 

[0003] 

[Prior art] 

A heat-reflecting and heat-absorbing laminated glass has been proposed for applications such as 
window glass for vehicles such as automobiles and railroad cars as well as a window glass for buildings 
and home appliances, and is being used in practice, in some cases. Furthermore, in recent years, the 
above-mentioned type of glass has been of interest from the standpoint of energy-savings since incoming 
thermal radiation is blocked. 

[0004] When a heat-reflecting film is formed on the above-mentioned laminated glass, visible light is 
transmitted but thermal radiation (infrared rays) are reflected or absorbed, and for example, only the 
thermal rays of solar radiation can be reflected or absorbed. Thus, when used as a window glass, the 
temperature increase inside a room resulting from incoming thermal radiation is controlled during the 
season when solar light is intense, and escape of heat to outside can be controlled during the cold 
months when the room is heated. In other words, when the above-mentioned laminated glass is used, 
energy efficiency is sharply increased and it contributes to energy conservation. 
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[0005] It is necessary for the laminated glass used for controlling transmittance of light to have good 

light transmittance (visible light and infrared) as well as the glass itself high transparency and high wear 
resistance, and absence of wrinkles and glare is necessary since the glass is likely to be used in areas 
facing outside. 

[0006] As for the structure of the laminated glass, a glass with a structure wherein a heat-reflecting film 
is laminated directly on the glass, and a glass with a structure wherein a plastic film with the heat- 
reflecting film laminated on it is inserted between glass sheets can be mentioned. It is necessary for the 
above-mentioned laminated glass to have high visible-light transmittance and low thermal radiation 
transmittance. Continuous production of the laminated glass of the former type has not been possible; 
thus, expensive production equipment is required and the cost is increased. On the other hand, in the 
laminated glass of the latter type, polyvinyl butyral is used as the joining material for the glass and film, 
and the plastic film laminated with a heat-reflecting film is inserted between two pieces of glass and 
bonding is performed, and unlike the case of the above-mentioned laminated glass where the heat- 
reflecting film is formed directly on the glass, continuous production is possible, and uniform processing, 
impact resistance, etc. can be achieved, and the above-mentioned laminated glass has been gaining 
attention in recent years. 

[0007] However, when the laminated glass of the prior art having a plastic film laminated with a heat- 
reflecting film between glass sheets is used, discoloration and whitening are observed; furthermore, wear 
resistance is not adequate and extended use is not possible. 

[0008] In order to eliminate the above problems, a method whereby the heat-reflecting film is protected 
with a protective layer made of polypropylene (PP) is proposed in Japanese Kokai [Unexamined] 
Patent Application No. Sho 54-1 19582. In the above-mentioned method, the wear resistance is 
improved, but the coefficient of linear expansion between PP and polyethylene terephthalate (PET) used 
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as the base material of the heat-reflecting film is different; thus, differences in the film dimension occurs 

at the time of the thermal bonding process during production of the laminated glass, resulting in inclusion 
of air bubbles, glare, etc. 

[0009] Furthermore, a method whereby PET is used as a protective film is proposed in Japanese 
Kokai [Unexamined] Patent Application No. Sho 60-103055, and in said method, wear resistance can 
be improved, but a film that exhibits heat reflection such as a metal is formed on the surface of the heat- 
reflecting film; thus, the change in size at the time of heating is not the same, and even, where PET is 
used as the base material, the same material used for the heat-reflecting film is also used for the 
protective layer, formation of wrinkles at the time it is applied under heat cannot be eliminated. 
[0010] Furthermore, in the production of a laminated glass based on the prior art, the joining polyvinyl 
butyral film and heat-reflecting film are handled by hand and inserted between glass sheets, thus, uniform 
application of the film is not possible despite extra precautions, and irregular patterns are formed on the 
surface of the heat-reflecting film. As a result, small wrinkles occur and when thermal bonding is 
performed with the material as is, a laminated glass with inferior surface appearance is produced; 
furthermore, foreign materials such as dust are included and productivity is reduced. 

[Problems to be solved by the invention] 

The purpose of the present invention is to provide a method of producing a laminated glass having 
higher transparency and higher wear resistance than the laminated glass of the prior art and having an 
absence of wrinkles, air bubbles, and glare. 
[Means to solve the problem] 

As a result of much research conducted by present inventors on this topic, they discovered that the 
above-mentioned purpose can be achieved when lamination is performed for the edges alone of the 
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joining material and heat reflecting film to be inserted between glass sheets so as to produce a three- 
layer film structure, the above-mentioned laminate is then inserted between the glass sheets, and thermal 
bonding is performed so that insertion of the heat-reflecting film with the joining material can be done 
continuously, then, the portion of the three-layer film that extends beyond the above-mentioned glass 
sheets are fastened with a clamping means that prevents thermal deformation of the film, and vacuum 
de-aeration is performed and thermal bonding is carried out, and the present invention is accomplished. 
[00 1 3] The feature of the present invention is that the production of a laminated glass having higher 
transparency and higher wear resistance than laminated glass of the prior art and with an absence of 
wrinkles, air bubbles, and glare is made possible when the edge of the joining material and heat 
reflecting film to be inserted between glass sheets are bonded ahead of time rather than the joining 
material and heat-reflecting film each being simply placed between glass sheets. 
[0014] In other words, the present invention is a method of producing a laminated glass consisting of 
(1) a process wherein a heat-reflecting film is placed between two sheets of joining material and 
lamination is performed for the edge alone, (2) a process wherein the three-layer film laminate produced 
in the above process is inserted between glass sheets, and (3) a process wherein bonding is performed 
for the glass and the three-layered film by means of a thermal bonding process in the course of 
producing a laminated glass where heat-reflecting film(s) is/are inserted between/among multiple glass 
sheets. 

[001 5] The lamination method used in the present invention is not especially limited, and for example, 
heating is performed for jointing material 5,5 ? by far-infrared heater 8 located upstream from the zone 
where joining material 5,5* and heat-reflecting film 4 are brought into contact in a machine such as the 
, one shown in Fig. 2(a), and edges 9 alone of the above-mentioned three-layer film are temporarily 
bonded by passing the above-mentioned film through two rolls, or stitching with a sewing machine, and 
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subsequently the material can be received on a roll as a three-layered film or inserted directly between 

glass sheets and used in the production of a laminated glass. 

[0016] The glass sheet used in the present invention is not especially limited, and plate glass commonly 
used for vehicles such as automobiles and buildings can be used in this case as well. 
[001 7] The temporary compression bag used in the present invention is not especially limited, and a bag 
made of a material that withstands a vacuum and does not decompose at temperatures of approximately 
100* C, for example, a bag made of a silicone rubber, can be used. 

[001 8] The heat-reflecting film 4 shown in Fig. 1 and used in the present invention is produced by 
depositing heat-reflecting film 1 on plastic base film 2 using a method such as vacuum deposition, ion 
plating, or ionizing deposition, and a protective film 3, etc. is applied to heat-reflecting film 1 by means 
of an adhesive, etc. without heat. 

[001 9] The heat-reflecting film used in the present invention is a conventional thin film capable of 
selectively controlling the transmittance of light and thermal radiation, and metals such as gold, silver, 
copper, platinum, aluminum, nickel, palladium, indium, tin, chromium and zinc, alloys or mixtures mainly 
comprising the above-mentioned metals, metal oxides such as indium-tin oxide (ITO), indium oxide, tin 
oxide, silicon oxide, aluminum oxide, zinc oxide, and tungsten oxide, compounds or mixture mainly 
comprising the above-mentioned metal oxides, and thin films or laminates of the above-mentioned 
metals and metal oxides, etc. can be mentioned. In general, when a layer is made of a metal, it is 
desirable when the thickness is in the range of 50-500 A, and when a metal oxide is used, the thickness 
is in the range of 100-5000 A. 

[0020] For the plastic films used as the base material for the heat-reflecting film laminate, 
homopolymers such as polyethylene terephthalate, polyether sulfone, polyether ether ketone, polyester, 
polypropylene, polyamide, polyvinyl fluoride, polyacrylate and polycarbonate, and a film made of a 
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copolymer of the monomer of the above-mentioned resins and a copolymeric monomer with those 

resins, etc. can be mentioned. From the standpoint of processability, it is desirable when the thickness 
of the film is in the range of 10-500 jinx 

[0021] For the protective film, homopolymers such as polyethylene terephthalate, polyether sulfone, 
polyether ether ketone, polypropylene, polyacrylate, polyester and polycarbonate, and films made of 
copolymers of the above-mentioned resin monomers and monomers copolymeric with those resins, etc. 
can be mentioned. From the standpoint of processability, it is desirable when the thickness of the 
protective film is in the range of 10-500 jxra 

[0022] For the joining material used in the present invention, conventional joining materials such as 
polyvinyl butyral resin can be used. And in general, the thickness of the material is in a range of 0. 1-1 .0 
mm 

[0023] The method of production of the present invention is a method wherein heat-reflecting film 4 
shown in Fig. 1 is inserted between sheets of joining material 5,5 ? , and thermal bonding (8O-130* C) is 
done for the edges alone by film laminator shown in Fig. 2, and the above-mentioned laminate is 
inserted between two glass sheets (process 1), and clamping is performed for the edges of the three- 
layer film that extend beyond the edges of the glass sheets by means of a clamping frame and/or 
clamping jig (Process 2). Subsequently, the glass and film fastened by the clamping means is placed in a 
temporary compression bag (Process 3), vacuum de-aeration is performed for 30 minutes, and vacuum 
de-aeration is further performed in a hot pressure furnace, and in general, heating is provided for 30 
minutes at a temperature of 1 00* C (Process 4). Subsequently, the temporarily laminated glass is 
removed from the above-mentioned bag, and the laminated glass is placed inside a hot pressure furnace, 
and a heat treatment is further performed at a temperature of 130* C for 30 minutes under 13 
atmospheres pressure and bonding of the glass and film is performed (Process 5) so as to produce a 
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laminated glass. 

[0024] In this case, thermal bonding means applying a heat treatment in a vacuum at a temperature of 
1 00 # C for 30 minutes, then, a further heat treatment is applied at a temperature of 130® C for 30 
minutes under 13 atmospheres pressure. 

[0025] As a means used for fastening the three-layer film 7, a clamping frame is used that consists of a 
pair of frames (the shape varies depending on the laminated glass to be produced) where many pins are 
formed on one frame 10 at appropriate intervals and corresponding holes are formed in the other frame 
12 as shown in Fig. 4 and clamping of the three-layer film as is done shown in Fig. 4(c), and clamps 14, 
staples 15, clips 16, tape 17, silicone rubber 18, etc. shown in Fig. 5 can be used, but it is desirable 
when the grip area of the above-mentioned clamps is as near the edge of the glass as possible. 
[0026] 

[Application Examples] 

In the following, the present invention is explained further in specific terms with application examples. 
[0027] Application Example 1 

Sputtering was performed for one surface of a polyethylene terephthalate film with a thickness of 50 
jim (PET, product of Toray Co., Ltd., Lumilar (product name 1 )) by the DC magnetron sputtering 
method so as to laminate a heat-reflecting film at a thickness of 28 jim, and lamination of a PET film 
with a thickness of 25 ^m (product of Unitika Co., Ltd., Enbred (product name)) was further 
performed as a surface protective film with an adhesive (polyester-modified urethane resin) at ambient 
temperature so as to produce a heat-reflecting film with a laminated protective film. 
[0028] Then, the above-mentioned heat-reflecting film was placed between two sheets of polyvinyl 
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butyral with a thickness of 0.38 mm (PVB, product of Sekisui Chemical Co., Ltd., Eslec Film (product 

name)) and thermal fusion was performed for the edges of the film alone by means of the film laminator 
shown in Fig. 2, the above-mentioned laminate was then placed between two sheets of glass with 
thicknesses of 2 mm, and size of 500 mm (curvature 150R) x 400 mm (curvature 1500R) shown in Fig. 
6, the heat-reflecting film sandwiched between the two pieces of PVB was fastened by the clamping 
frame with pins shown in Fig. 4, the above-mentioned fastened film and glass were placed in a 
temporary compression bag (made of silicone rubber), and vacuum de-aeration was performed for 30 
minutes, and a heat treatment was further performed at a temperature of 100* C as vacuum de-aeration 
was performed; then, the temporarily bonded laminated glass was removed from the bag. The above- 
mentioned laminated glass was subsequently placed in a hot pressure furnace and a treatment was 
performed at a temperature of 130* C under 13 atmospheres pressure for 30 minutes; then the 
temperature was reduced to 40* C while the pressure was maintained at the above-mentioned level, the 
three-layer film extending from the edges of the laminated glass was then trimmed off to produce a 
laminated glass. 

[0029] Subsequently, an evaluation was made of the surface appearance (wrinkles, presence of air 
bubbles, and glare) of the laminated glass produced and further measurements were made of the visible- 
light transmittance and haze. The results obtained are shown in Table I below. 
[0030] In this case, for measurement of the visible-light transmittance, an automatic spectrophotometer, 
U-3500, product of Hitachi Co., Ltd. (JIS R3106-1985) was used, and for measurement of the haze, 
NDH-300A, product of Nihon Denshoku Co., Ltd. was used. 
[0031] Application Example 2 

The clamping means for fastening of the three-layer film was changed to the clamp shown in Fig. 5(a) 
and production of a laminated glass was carried out as in Application Examnle \ t and 
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made of the laminated glass produced. The results obtained are shown in Table I. 

[0032] Comparative Example 1 

In Application Example 1 above, lamination of the heat-reflecting film and joining material ahead of time 
was omitted, and a joining material, heat-reflecting film, and another joining material were each placed 

i 

between two glass sheets, and thermal bonding was performed without using a clamping means. The 
laminated glass produced above exhibited many small wrinkles and air bubbles, and the appearance 
was very poor. Furthermore, measurement was performed for the visible-light transmittance and haze 
as explained above. The results obtained are shown in Table I. 



[0033] 



[Table I] 





Surface appearance evaluated visually 


Visible-light 
transmittance 


Haze 


Wrinkles 


Air 


Glare 


Application 
Example 1 


None 


None 


None 


79.5% 


1.2% 


Application 
Example 2 


None 


None 


None 


78.8% 


1.4% 


Comparative 
Example 1 


Small wrinkles 
observed 


Observed 


Observed 


70.9% 


7.4% 



[0034] 

[Effect of the invention] 

According to the method of production of laminated glass of the present invention, production of a 
laminated glass having higher transparency and higher wear resistance than those of the prior art, and 
with an absence of wrinkles, air bubbles, and glare is made possible. 
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[Brief description of figures] 

[Fig. 1] A cross-section view of an example of the heat-reflecting film used in the present invention. 
[Fig. 2] A drawing used for explanation of the film lamination method used in the present invention, 

i 

wherein (a) is a diagram that shows an example of the machine, (b) is a perspective view of the film 
fused at the edges, and (c) is a cross-section view of the above-mentioned film. 
[Fig. 3] A cross-section view that shows an example of the laminated glass of the present invention. 
[Fig. 4] A drawing showing an example of the clamping frame used as a clamping means, wherein (a) is 
an overall perspective view, (b) is a partial enlargement cross-section view, and (c) is a partial cross- 
section view that shows the condition at the time of clamping. 

[Fig. 5] Drawings of different clamping means, wherein (a) is a clamp, (b) is a staple, (c) is a clip, (d) is 
a tape, and (e) is a silicone rubber. 

[Fig. 6] An example of the glass sheet used in the present invention, wherein (a) is the top view and (b) 
is the end view. 
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[Explanation of codes] 

1 Heat-reflecting film 

2 Base material 

i 

3 Protective film 

4 Heat-reflecting film 
5,5' Joining material 

6, 6 1 Glass sheets 

7 Three-layered film 

8 Far-infrared heater 

9 Thermally- fused member 

10 Upper frame 

11 Pins 

12 Lower frame 

13 Holes 

14 Clamp 

15 Staple 

16 Clip 

17 Tape 

1 8 Silicone rubber 
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[Fig. 4] 
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[Fig. 5] 
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